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SUMMARY 


An  investigation  was  made  at  a  Mach  number  of  0.13  in  the  Langley 
stability  tunnel  in  order  to  determine  the  effects  of  closed  wing-root 
air  ducts  (horizontal)  on  the  static  longitudinal  and  static  lateral 
stability  characteristics  of  unswept -midwing  models  having  wings  of 
aspect  ratio  2,  4,  and  6.  In  addition,  the  effects  of  top  and  bottom 
fuselage  ducts  (vertical)  on  the  static  longitudinal  and  static  lateral 
stability  characteristics  of  model  configurations  employing  the  unswept 
wing  of  aspect  ratio  2  were  determined. 

The  results  of  the  investigation  have  indicated  that,  in  the  low 
angle-of -attack  range,  the  addition  of  and  increase  in  size  of  the  hori¬ 
zontal  ducts  on  model  configurations  employing  an  unswept  wing  of  aspect 
ratio  2  resulted  in  a  large  forward  movement  of  the  aerodynamic  center 
regardless  of  the  vertical  location  of  the  horizontal  tail.  When  the 
aspect  ratio  of  the  wing  was  increased  from  2  to  6,  this  effect  became 
more  pronounced.  In  contrast  to  this  effect  of  the  horizontal  ducts, 
the  addition  of  and  increase  in  size  of  vertical  ducts  on  model  configu¬ 
rations  employing  the  wing  of  aspect  ratio  2  produced  a  slight  rearward 
movement  of  the  aerodynamic  center. 

Regardless  of  the  aspect  ratio  of  the  wing,  the  addition  of  and 
increase  in  size  of  the  horizontal  ducts  caused  an  increase  in  directional 
stability  for  complete  models  or  a  decrease  in  instability  for  tail-off 
configurations  at  low  and  moderate  angles  of  attack.  The  addition  of  and 
increase  in  size  of  vertical  ducts  on  the  models  with  the  wing  of  aspect 
ratio  2,  however,  resulted  in  large  decreases  in  directional  stability 
which  were  about  constant  for  the  angle -of -attack  range  investigated. 
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INTRODUCTION 

r 

The  stability  derivatives  of  midwing  research  models  which  have  sim¬ 
ple  bodies  of  revolution  can,  in  general,  "be  estimated  with  good,  accuracy 
in  the  low  angle -of -attack  range  by  various  theoretical  and  empirical 
methods  such  as  those  presented  in  reference  1.  When  the  bodies  are 
changed  by  the  addition  of  ducts,  canopies,  or  other  protuberances,  the 
estimation  of  the  stability  derivatives  usually  becomes  more  difficult 
and  often  impossible  as  a  result  of  unpredictable  interference  effects 
caused  by  the  added  items . 

Heretofore,  data  concerning  the  effects  of  air  ducts  on  the  static 
longitudinal  and  static  lateral  stability  characteristics  of  unswept  wing 
models  are  virtually  nonexistent.  The  purpose  of  the  present  investiga¬ 
tion,  therefore,  was  to  determine  at  low  speed  the  effects  of  size  of 
closed  wing-root  air  ducts  (referred  to  hereinafter  as  horizontal  ducts) 
on  the  static  longitudinal  and  static  lateral  (primarily  directional)  * 

characteristics  of  unswept  models  having  wings  of  aspect  ratio  2,  4,  and  6. 

The  effect  of  size  of  closed  top  and  bottom  fuselage  air  ducts  (referred 
"bo  hereinafter  as  vertical  ducts)  on  the  static  longitudinal  and  static 
lateral  stability  characteristics  of  the  unswept  model  of  aspect  ratio  2 
was  also  determined.  There  was  no  provision  made  for  flow  through  the 
ducts . 


SYMBOLS 


The  data  presented  herein  are  referred  to  the  stability  system  of 
axes  shown  in  figure  1.  The  moments  were  measured  about  0.25  mean  aero¬ 
dynamic  chord  for  all  models .  The  symbols  and  coefficients  used  herein 
are  defined  as  follows: 


L 

D 


MX 

Mr? 


lift,  lb 
drag ,  lb 

lateral  force,  lb 
rolling  moment,  ft-lb 
pitching  moment,  ft-lb 


yawing  moment,  ft-lb 
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A 

b 

S 

c 

c 

y 


aspect  ratio,  b2/s 
span ,  ft 
area,  sq  ft 

local  chord  parallel  to  plane  of  symmetry,  ft 

Pb/2 

mean  aerodynamic  chord,  —  I  c^dy,  ft 

S  Jo 


spanwise  distance  measured  from  and  perpendicular  to 
plane  of  symmetry,  ft 

Dy2 

dynamic  pressure,  n__ }  lb/sq  ft 

mass  density  of  air,  slugs/cu  ft 
airspeed,  ft/sec 

angle  of  attack  of  fuselage  reference  line,  deg 
angle  of  sideslip,  deg 


lift  coefficient, 


L 

<lSv 


maximum  lift  coefficient  at  first  break  in  curve 
of  C-^  against  a 

drag  coefficient,  -24_ 


m 


lateral-force  coefficient. 


rolling -moment  coefficient. 


Iy 


pitching -moment 


coefficient. 
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MZ 

Cv,  yawing -moment  coefficient,  q  , 

iVw 


C% 


An 

°°m 

3a 


3Cy 

3p 


3p 


3p 


Subscript: 
w  wing 

The  prefix  A  indicates  the  contribution  of  the  tail  assembly 


Model  Component  Designations 

For  convenience,  the  model  configurations  are  described  by  a  grouping 
of  the  following  symbols  which  denote  model  components: 

F  fuselage 

W  wing  (subscripts  2,  4,  or  6  indicate  aspect  ratio  of  wing) 

V  vertical  tail 

Hg  high  horizontal  tail 


low  horizontal  tail 
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APPARATUS  AND  MODELS 

The  6-  by  6-foot  curved-flow  test  section  (ref.  2)  of  the  Langley 
stability  tunnel  was  used  for  the  present  investigation.  The  models  were 
mounted  on  a  single  support  strut  which  was  rigidly  attached  to  a  six- 
component  balance  system. 

A  drawing  of  the  unswept-wing  models  (wings  of  aspect  ratio  2,  4, 
and  6)  used  in  the  present  investigation  is  presented  as  figure  2.  Addi¬ 
tional  details  of  the  models  are  given  in  table  I.  Three  sizes  of  ducts, 
designated  1  (small),  2  (medium),  and  3  (large),  were  tested  in  the  hori¬ 
zontal  position  (wing-root  ducts)  on  all  models  and  in  the  vertical  posi¬ 
tion  (top  and  bottom  fuselage  ducts)  only  on  the  models  employing  the  wing 
of  aspect  ratio  2.  The  ratio  of  maximum  duct  cross-sectional  area  (left 
and  right)  to  maximum  fuselage  cross-sectional  area  was  0.246,  0.605,  and 
1.163  for  ducts  1,  2,  and  3,  respectively.  (See  table  II  for  duct  dimen¬ 
sions.)  The  ducts  were  constructed  of  molded  plastic  and  were  not  pro¬ 
vided  with  inlets.  The  inlets  were  faired  out  to  conform  approximately 
to  the  streamlines.  The  end  of  the  fuselage  was  closed.  Photographs  of 
some  configurations  tested  are  presented  as  figure  4.  All  gaps  between 
the  ducts  and  the  wing  and  fuselage  were  sealed  with  plastic  tape. 


TESTS 


The  tests  to  determine  the  effect  of  the  ducts  on  the  static  longi¬ 
tudinal  and  static  lateral  characteristics  of  the  models  consisted  of 
6-component  measurements  through  an  angle -of -attack  range  of  -4°  to  32 
(-3°  to  33°  for  models  employing  the  wing  of  aspect  ratio  4)  at  sideslip 
angles  of  0°  and  ±5°.  In  addition,  since  a  recent  investigation  in  the 
Langley  stability  tunnel  has  indicated  aerodynamic  hysteresis  in  sideslip 
at  high  angles  of  attack  for  the  complete  model  having  an  unswept  wing 
of  aspect  ratio  2,  a  few  tests  were  made  at  an  angle  of  attack  of  24°  with 

this  model  through  a  sideslip  range  of  ±10°  at  intervals  of  2°  to  deter¬ 

mine  the  effects  of  the  ducts  on  the  hysteresis. 

The  test  Mach  number  was  0.13  and  the  dynamic  pressure  was 
24.9  pounds  per  square  foot.  The  Reynolds  number  based  on  the  mean  aero¬ 
dynamic  chord  of  each  wing  was  as  follows:  for  configurations  employing 

the  wing  of  aspect  ratio  2,  1.018  X  lO^j  for  configurations  employing 

the  wing  of  aspect  ratio  4,  O.72O  X  10^;  for  configurations  employing 

the  wing  of  aspect  ratio  6,  O.586  x.10^. 


W 
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CORRECTIONS 


Approximate  jet-boundary  corrections  (ref.  3)  were  applied  to  the 
angle  of  attack  and  to  the  drag  coefficient.  Horizontal-tail-on  pitching- 
moment  coefficients  were  corrected  for  the  effects  of  the  jet  boundaries 
by  the  methods  of  reference  4.  The  data  are  not  corrected  for  the  effects 
of  the  support  strut  or  blockage . 


ACCURACY  IN  DERIVATIVES 


The  derivative  Cv  is  believed  to  be  accurate  to  within  ±0.00035 

p 

and  since  the  span  varies  with  aspect  ratio  the  accuracy  of  C^  and 
Cnp  also  vary  as  follows: 


^W 

Accuracy  in  C^  and  Cn^ 

2 

to. 00017 

4 

+.00012 

6 

+.00010 

RESULTS  AND  DISCUSSION 
Presentation  of  Results 


The  basic  static  longitudinal  data,  which  show  the  effects  of  the 
closed  wing-root  ducts  (horizontal)  on  the  variation  of  C^,  Cp,  and 

Cm  with  a  for  various  model  configurations,  are  presented  in  figures  5 

to  7.  For  the  model  with  wings  of  aspect  ratio  2,  the  effects  of  hori¬ 
zontal  and  top  and  bottom  fuselage  ducts  (vertical)  on  the  variation  of 
CL,  C-q,  and  Cm  with  a  are  shown  in  figures  8  to  11. 


The  basic  static  lateral -stability  data, 
the  horizontal  ducts  on  the  variation  of  Cy 

*3 


which  show  the  effects  of 
,  C7  ,  and  C„  with  a 
L 0  n0 


for  various  model  configurations,  are  presented  in  figures  12,  13,  and  14. 
The  effects  of  horizontal  and  vertical  ducts  on  the  variation  of  Cy^, 
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CZj3>  and  cnp  with  a  are  shown  in  figures  15  to  18  for  the  model  having 
the  wing  of  aspect  ratio  2. 

An  example  of  the  effect  of  aerodynamic  hysteresis  in  the  variation 
of  Cy j  Cj,  and  Cn  with  |3  at  a  =  24.5°  for  several  representative 

model  arrangements  having  the  unswept  wing  of  aspect  ratio  2  is  presented 
in  figures  19,  20,  and  21. 

The  effect  of  the  ducts  on  the  contribution  of  various  tail  assem¬ 
blies  to  the  directional  stability  of  unswept-wing  models  is  shown  in  fig¬ 
ure  22.  A  summary  of  the  effect  of  the  ducts  on  CT  and  CL,  is  pre¬ 
tax  m<x 

sented  as  figure  23 ,  and  a  summary  of  the  effect  of  the  ducts  on 
directional  stability  is  presented  in  figure  24  for  a  =  0°  and  in  fig¬ 
ure  25  for  a  =  16° . 


Effect  of  Horizontal  Ducts  on  Static  Longitudinal 
Characteristics  of  Unswept  Models  Having 
Wings  of  Aspect  Ratio  2,  4,  and  6 


Lift  and  drag  characteristics.-  Regardless  of  the  aspect  ratio  of  the 
wing  or  the  horizontal-tail  location,  the  addition  of  and  the  increase  in 
size  of  the  horizontal  ducts  has  little  effect  on  the  variation  of  CL 


with  a  below  the  maximum  lift  coefficient  (figs.  5  tp  7).  For  configu¬ 
rations  employing  the  wing  of  aspect  ratio  2,  the  addition  of  the  small 
duct  increases  (fig.  23(b))  and  an  increase  in  duct  size  from  the 


small  duct  results  in  a  decrease  in  For  configurations  employing 

the  wing  of  aspect  ratio  4  the  addition  of  and  increase  in  size  of  the 

Itaax 


horizontal  ducts  generally  result  in  a  slight  decrease  in  C 


(fig.  23(c)).  The  effects  of  the  horizontal  ducts  on  for  configu¬ 

rations  employing  the  wing  of  aspect  ratio  6  are  very  small  (fig.  23(d)). 


In  general,  regardless  of  the  wing  aspect  ratio,  the  addition  of  the 
horizontal  ducts  and  an  increase  in  duct  size  results  in  an  increase  in 
drag  coefficient  throughout  the  angle -of -attack  range  for  each  model  con¬ 
figuration  (figs.  5  to  7)>  The  largest  increment  in  Cp,  caused  by  the 

addition  of  the  large  duct,  varied  from  about  0.018  at  a  =  0°  to  0.124 
at  a  =  32°. 


Pitching -moment  characteristics . -  In  the  low  angle -of -attack  range, 
with  the  horizontal  tail  high,  low,  or  off,  the  addition  of  and  increase  in 
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size  of  the  horizontal  ducts  results  in.  a  large  forward  (destabilizing), 
movement  of  the  aerodynamic  center  (figs.  5  to  7 )  an<3-  as  the  aspect  ratio 
of  the  wing  is  increased  from  2  to  6  this  effect  becomes. more  pronounced 
(fxg.  23) .  At  moderate  and  high  angles  of  attack  there  is  generally 
little  effect  of  the  ducts  on  static  longitudinal  stability  but  positive 
increments  in  pitching-moment  coefficients  are  caused  by  the  addition  of 
and  increase  in  size  of  the  ducts.  An  analysis  of  the  data  of  figures. 5 
to  7  indicates  that  the  ducts  have  very  little  effect  on  the  contribution 
of  the  horizontal  tail  to  the  static  longitudinal  stability  of  the  models 
for  the  angle-of -attack  range  investigated,  and,  for  a  =  0°,  this  effect 
is  shown  in  figure  23 • 


Comparison  of  Effect  of  Horizontal  and  Vertical  Ducts 
on  Static  Longitudinal  Characteristics  of  Model 


With  Wing  of  Aspect  Ratio  2 


Lift  and  drag  characteristics.-  As  in  the  case  of  the  horizontal 
ducts,  the  addition  of  the  ducts  in  the  vertical  position  on  the  models 
employing  the  wing  of  aspect  ratio  2  has  very  little  effect  on  the  vari¬ 
ation  of  C^  with  a  below  (figs.  8  to  11).  Large  reductions 

in  Ct  are  caused  by  the  addition  of  the  vertical  ducts ,  whereas 
4nax  _  .  . 

only  small  reductions  were  caused  by  the  horizontal  ducts  (figs.  23(a) 

and  23(b) ) • 


The  effects  of  the  vertical  ducts  on'  the  drag  are  similar  to  the 
effects  of  the  horizontal  ducts  at  low  and  moderate  angles  of  attack 
(figs.  8  to  11).  In  the  high  angle -of -attack  range/the  addition  of  the 
vertical  ducts  generally  causes  a  reduction  in  the  drag  coefficient  which 
is  probably  the  result  of  the  large  decrease  in  lift  coefficient  for  the 
same  angle -of -attack  range. 


Pitching -moment  characteristics . -  As  compared  with  the  horizontal 
ducts,  the  addition  of  the  vertical  ducts  has  little  effect  on  static 
longitudinal  stability  for  the  angle -of -attack  range  investigated  (figs.  8 
to  11).  A  slight  increase  in  stability  is  caused  by  the  addition  of  the 
vertical  ducts  in  contrast  to  the  reduction  in  stability  caused  by  the 
addition  of  the  horizontal  ducts  to  the  models  having  the  wing  of  aspect 
ratio  2.  This  is  illustrated  for  a  =  0°  in  figure  23-  • 
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Effect  of  Horizontal  Ducts  on  Static  Lateral 
Characteristics  of  Unswept  Models  Having 
Wings  of  Aspect  Ratio  2,  4,  and  6 

Directional  stability.-  As  mentioned  previously,  some  aerodynamic 
hysteresis  in  sideslip  was  encountered  with  the  models  employing  the  wing 
of  aspect  ratio  2  and,  since  this  situation  results  in  uncertain  deriva¬ 
tives  ,  resort  has  teen  made  to  the  use  of  dashed  fairing  to  distinguish 
the  curves  of  this  region  in  figure  12  and  in  figures  15  to  18.  Since 
the  slopes  are  based  on  a  linear  interpretation  of  nonlinear  curves,  con¬ 
clusions  drawn  may  not  have  the  proper  perspective  and,  thus,  the  data  in 
the  high  angle -of -attack  range  should  be  used  with  care.  It  is  not  known 
if  the  hysteresis  occurs  at  higher  Reynolds  numbers.  Examples  of  the 
effect  of  the  horizontal  ducts  on  the  aerodynamic  hysteresis  in  sideslip 
are  presented  in  figures  19  to  21  for  a  =  24-5°  only.  (A  more  complete 
study  of  this  phenomenon  for  this  model,  with  ducts  removed,  has  been  made 
in  the  Langley  stability  tunnel.)  With  the  ducts  removed,  an  abrupt 
change  in  slope  of  Cy,  Cn,  and  Cl  with  (3  (figs.  19  to  21)  occurs  at 

a  positive  angle  of  sideslip  when  the  sideslip  angle  is  varied  from  nega¬ 
tive  to  positive  and  when  the  sideslip  angle  is  varied  from  positive  to 
negative  the  converse  is  true.  The  addition  of  horizontal  ducts  to  the 
wing-fuselage  combination  or  to  the  complete  model  in  most  cases  elimi¬ 
nates  the  hysteresis. 


Regardless  of  the  aspect  ratio  of  the  wing,  the  addition  of  and 
increase  in  size  of  the  horizontal  ducts  causes  an  increase  in  directional 
stability  (or  decrease  in  instability  for  tail-off  configurations)  at  low 
angles  of  attack  (figs.  12  to  14).  Inasmuch  as  the  effect  of  the  ducts 
on  the  contribution  of  the  tail  assemblies  to  the  directional  stability 
at  low  angles  of  attack  is  small  (figs.  22  and  24),  it  appears  that  the 
beneficial  increase  in  directional  stability  is  probably  caused  by  a  rear¬ 
ward  movement  of  the  lateral  center  of  pressure  of  the  fuselage  when  the 
ducts  are  added.  At  an  angle  of  attack  of  1 6°  (figs  22  and  25),  the 
effects  of  the  ducts  on  directional  stability  are  similar  to  the  effects 
at  low  angles  of  attack.  At  higher  angles  of  attack  the  effects  of  the 
ducts  on  directional  stability  are  generally  detrimental  (figs.  12  to  l4) 
on  the  basis  of  slopes  measured  between  p  =  ±5°.  The  contribution  of 
the  various  tail  assemblies  to  Cn  (fig.  22)  is  generally  increased  in 


the  moderate  angle -of -attack  range  and  is  generally  decreased  at  high 
angles  of  attack  by  the  addition  of  the  horizontal  ducts.  Generally,  as 
the  wing  aspect  ratio  is  increased  from  2  to  6,  the  effects  of  the  ducts 
on  the  tail  contribution  to  Cn  are  more  favorable  in  that  the  tail 

P 


increments  due  to  the'  ducts  are  stabilizing  for  a  greater  angle -of -attack 
range  as  the  wing  aspect  ratio  is  increased  (fig.  22). 
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Lateral-force  and  effective -dihedral  parameters.-  The  effects  of  the 
ducts  on  the  lateral-force  parameter  Cy^  and  the  effective -dihedral 

parameter  are  generally  small  and,  in  some  cases  are  within  the 

accuracy  with  which  the  data  can  be  obtained  in  the  low  angle -of -attack 
range  (figs.  12  to  l4)j  the  derivative  Cy^  and  the  rate  of  change  of 

with  a  generally  become  more  negative  as  the  duct  size  is  increased. 
At'  high  angles  of  attack,  Cy^  generally  becomes  considerably  more  nega¬ 
tive  and  C7  generally  becomes  less  negative  when  the  ducts  are 

L 


0 


added,  although  the  effects  of  the  ducts  are  somewhat  erratic  in  this 
angle -of -attack  range. 


Comparison  of  Effect  of  Horizontal  and  Vertical  Ducts  on 
Static  Lateral  Characteristics  of  Model  With 
Wing  of  Aspect  Ratio  2 

Directional  stability . -  In  contrast  to  a  small  stabilizing  effect  of 
the  addition  of  and  increase  in  size  of  the  horizontal  ducts,  the  addition 
of  and  increase  in  size  of  the  vertical  ducts  on  the  model  with  a  wing  of 
aspect  ratio  2  results  in  a  large  decrease  in  directional  stability 
(increase  in  instability  for  wing -fuselage  combinations).  This  can  be 
seen  in  figures  15  to  18  and  in  figures  24  and  25-  In  contrast  with  the 
horizontal  ducts,  the  increments  in  Cn^  due  to  the  vertical  ducts  are 

more  nearly  constant  with  angle  of  attack.  Throughout  the  angle -of -attack 
range,  the  contribution  of  the  various  tail  assemblies  to  Cn^  is  reduced 

by  the  addition  of  the  vertical  ducts  to  the  model,  whereas  the  addition 
of  the  horizontal  ducts  had  little  effect  on  the  tail  contribution  to  Cn(3 

at  low  angles  of  attack  and  a  stabilizing  effect  at  moderate  angles  of 
attack  (figs.  22(a)  and  22(b)). 

It  is  of  interest  to  note  that,  with  the  large  vertical  duct  (duct  3) 
on  the  model,  directional  stability  is  obtained  at  a  =  0°  only  when  the 
horizontal  tail  is  in  the  high  position  (figs.  15  to  18  and  24).  The 
horizontal  tail  in  this  position  has  a  large  favorable  end-plate  effect 
on  the  contribution  of  the  vertical  tail  to  Cn^ .  Also,  the  increment  in 

n  caused  by  the  large  duct  is  equivalent  to  reducing  the  vertical-tail 

0 

area  by  about  two-thirds  (fig.  24). 
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Lateral-force  and  effective-dihedral  parameter.-  As  would  be 
expected,  the  addition  of  and  the  increase  in  size  of  the  vertical  ducts 
on  the  model  caused  increases  in  Cy^  for  most  of  the  angle -of -attack 

range,  whereas  the  horizontal  ducts  had  little  effect  on  Cy  (figs.  15 

to  18).  The  vertical  ducts,  like  the  horizontal  ducts,  had  only  a  small 
effect  on  at  low  angles  of  attack,  and  at  high  angles  of  attack  the 

effects  of  the  vertical  and  horizontal  ducts  were  similar. 


CONCLUSIONS 


A  wind-tunnel  investigation  at  low  speed  made  to  determine  the 
effects  of  size  of  closed  horizontal  and  vertical  air  ducts  (wing-root 
and  top  and  bottom  fuselage  ducts,  respectively)  on  the  static  longi¬ 
tudinal  and  static  lateral  stability  characteristics  of  unswept-midwing 
models  having  wings  of  aspect  ratio  2,  4,  and  6  has  indicated  the 
following  conclusions : 

1.  In  the  low  angle -of -attack  range,  the  addition  of  and  increase  in 
size  of  horizontal  ducts  on  model  configurations  employing  an  unswept  wing 
of  aspect  ratio  2  resulted  in  a  large  forward  movement  of  the  aerodynamic 
center  regardless  of  the  vertical  location  of  the  horizontal  tail.  When 
the  aspect  ratio  of  the  wing  was  increased  from  2  to  6  this  effect  became 
more  pronounced.  In  contrast  to  this  effect  of  the  horizontal  ducts,  the 
addition  of  and  increase  in  size  of  vertical  ducts  on  model  configurations 
employing  the  wing  of  aspect  ratio  2  produced  a  slight  rearward  movement 
of  the  aerodynamic  center. 

2.  Regardless  of  the  aspect  ratio  of  the  wing,  the  addition  of  and 
increase  in  size  of  the  horizontal  ducts  caused  an  increase  in  directional 
stability  of  complete  models  or  a  decrease  in  instability  for  tail-off 
configurations  at  low  and  moderate  angles  of  attack.  The  addition  of  and 
increase  in  size  of  the  vertical  ducts  on  the  models  with  the  wing  of 
aspect  ratio  2,  however,  resulted  in  large  decreases  in  directional  sta¬ 
bility  which  were  about  constant  for  the  angle -of -attack  range 
investigated. 


Langley  Aeronautical  Laboratory, 

National  Advisory  Committee  for  Aeronautics, 
Langley  Field,  Va.,  June  16,  1955* 
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TABLE  I.-  DIMENSIONS  OF  MODEL 


Fuselage : 

Length,  ft  .  .  . 
Fineness  ratio  . 


Wings : 

Aspect  ratio,  Aw . .  .  .  . 

.  .  ...  2 

4 

Taper  ratio,  .  .  .  . 

.  .  .  0.6 

0.6 

Quarter-chord  sweep 

angle ,  deg  . 

.  .  0 

0 

Dihedral  angle,  deg  . 

.  .  0 

0 

Twist,  deg  . . 

.  .  0 

0 

Incidence,  deg  . 

.  .  0 

0 

NACA  airfoil  section  . 

.  .  65A008 

65A008 

Area,  Sy,  sq  ft  . 

.  .  2.250 

2.250 

Span,  sq  ft  . 

.  .  2.122 

3.000 

Mean  aerodynamic  chord,  ft  .  . 

.  .  I.O83 

0.766 

Root  chord,  ft  . 

.  .  1.326 

0.938 

Vertical  tail: 

Aspect  ratio  .  .  . 

•  •  »  • 

Taper  ratio  .  . 

Quarter-chord  sweep  angle,  deg  . 

NACA  airfoil  section  . 

Ratio  of  tail  area  to  wing  area . . 

Span  from  fuselage  center  line,  ft  ...  .  . 

Tail  length,  distance  measured  parallel  to  fuselage  center 
1  line  from  center  of  gravity  to  c/4  of  tail,  ft  ....  . 

Mean  aerodynamic  chord,  ft . . 

Root  chord,  f t  .  .  .  . 

Horizontal  tail: 

Aspect  ratio  ........  . 

Taper  ratio  ..........  .  .... 

Quarter-chord  sweep  angle,' deg  . . . 

Dihedral  angle,  deg  . . 

Twist,  deg  . . . . . 

Incidence,  deg  ......  .  ...... 

NACA  airfoil  section  ........  .  .  . 

Ratio  of  tail  area  to  wing  area  . . . 

Span,  ft . . 

Tail  length,  distance  measured  parallel  to  fuselage  center 

line  from  center  of  gravity  to  c/4  of  tail,  ft  . 

Mean  aerodynamic  chord,  ft  . 

Root  chord,  ft  . 


3-75 

7-50 


6 

0.6' 


0 

0 

0 

0 

65A008 

2.250 


3.675 

0.625 


0.765 


2.02 

0.6 

0 

65AOO8 

0.150 

0.825 

1.392 

0.4i8 

0.512 


4 

0.6 

0 

0 

0 

0 

65A008 

0.200 

1.342 

1.392 

0.343 

0.419 
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TABLE  II.-  DIMENSIONS  OF  DUCTS  IN  INCHES 


Fuselage 

Rp 

1 

Duct  ; 

L 

I 

Duct  ; 

D 

Duct  3 

station 

d 

e 

f 

rd 

e 

f 

% 

e 

f 

rd 

13.50 

2-77 

2-77 

2.77 

0 

0 

2.77 

0 

0 

2.77 

0 

0 

16.00 

2.96 

3.06 

2.89 

.17 

.64 

2.75 

.31 

1.09 

2.54 

•  52 

1.52 

18.00 

3.00 

3.25 

2.78 

•47 

1.13 

2.39 

.86 

1.82 

1.66 

1.59 

2.50 

19.00 

3. 00 

3.25 

2-75 

•  52 

1.25 

2.24 

1.01 

2.00 

1.20 

2.05 

2.75 

22.00 

2-97 

3.25 

2.70 

•55 

1.25 

2.20 

1.05 

2.00 

1.12 1 

2.13 

2.75 

24.00 

2.93 

3.25 

2.65 

.60 

1.25 

2.14 

1.11 

2.00 

1.02 

2.23 

2.75 

26.00 

2.87 

3.25 

2.61 

.64 

1.20 

2.20 

1.05 

I.85 

1.41 

1.84 

2.50 

28.00 

2.79 

3.08 

2.56 

,52 

1.12 

2.23 

•85 

1.68 

I.67 

l.4l 

2.24 

30.00 

2.70 

2.90 

2.51 

•  39 

1.00 

2.28 

.62 

1 .45 

1.92 

•  98 

1.90 

32.00 

2.60 

2-73 

2.48 

•  25 

•77 

2.35 

•  38 

1.12 

2.15 

.58 

1.47 

34.00 

2.47 

2-55 

2.41 

.14 

•55 

2.34 

.21 

.80 

2.24 

•  51 

1.05 

36.00 

2.33 

2.38 

2.32 

.06 

.30 

2.30 

.08 

.41 

2.28 

.10 

•  52 

38.25 

2.16 

2.16 

2.16 

0 

0 

2.16 

0 

0 

2.16 

0 

0 
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Figure  1.-  Stability  system  of  axes.  Arrows  indicate  positive  direction 
of  forces,  moments,  and  angular  displacements. 


Vertical  ducts  on  model  with  wing  of  aspect  ratio 


NACA  TN  3481 


19 


* 


O3  '{USI3lf)903  BOJO 

%  S  <Q  ■<)  V 


~>3  ‘4U3I3IJJ303  ijn  w0  'iuaniJjSOD  fiBiuoiu  -  dumo'tid 


Figure  4.-  Effect  of  horizontal  air  ducts  on  the  variation  of  CL,  CD,  and  Cm  with  a  for  model 

arrangements  having  an  unswept  wing  of  aspect  ratio  2. 
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arrangements  having  an  unswept  wing  of  aspect  ratio  6. 


4 


NACA  TN  3481 


*k 


Figure  6.-  Concluded. 


NACA  TN  3481 


‘woiuaooBcua 


.Hips 


i  l  mm  gHgggfi  iiiiiil 


'TliflllP . . . 

■ISM 


in  14  imm, 

mm\r 


iiinufflfflH- 

■ii 


wmmmmmrnm 

MMiiiiMiRsIM 

.  l!mMI!I^M«99:Mfi 

mil!  i  -iii  i1  ,i„  ,-ffflawHBieiuffiH 

119911  BUWMRiMMIMHM 
llilllillllSIlTrl^BiiHlllllUili 
iiaiiiiiisiiiSfiiiiifc'^iiiiisiiRifliiffliisii 
liiiffliiBaBii-T.ffliiaaiiisii 
mill  linn  iniiii!  mm  ’iiMiMi 


. . mill 

llllimillll'  ll::'1:  'I  'I,  llilllll . I  'MliUBIHHfflfflllHI 


lni'ii.  m  m  mMl 
ibm'brmim 

im9ll8tffcm19liBHS 

IBIIMlilBHIMI 


liliHillll 

IHMl 

mini 

Ml  |i;  B 
irniiii 

ii  \\mmm\ 


19  Hiji 


IBB?.  i^BBBBBBMBBBBBBBBBIi[i!lllil!l  IffiHI - - 

HISSIIi^iiillgiiilillliiiailll&aRliiUHniilllillllllllllliBlllillllilillillffllllllll 
liiiiBiifcyirsHagiifflifflMiifflraBiffliiiiiiiiiii^'iiigiiiifiiiiiiiiiPiiiiffliiiiii 
ill  Hill  IRIIIIIiil8MlffiHMHHIB9lll(liHIISii^iaHlllflll8i8IHIII8lllilHillliamiiRllltllllllllill8inDUaiill 
liiiiiiiiiji^iiiinyiQMiiiiiiaiiiiiaiiiimiiiir  ’■yiiyiMSiiBMMMH 

iiifiiiiiifliiifflymriffiijyiyiiisfflHPfflissiiiiiir'rmiiiiPiiimiiimiiiifflmyifflmiiiitRiii 
iraffliiiifiiiiifflyiRii^siBiBiiyiiiPBBiiramiPKJimiiiiiiiRiiiiiiiiRiiiiiiiiiffliiiiiRiiii 

ffliyiiiniiiaiiiiyfflBy«ifli^«iiiffiiiSiiifflffliiW::iiyiR8iiii!iiiiy!iifiiiiymiiiiiii8B 
HiHSIRIII  3181111111  IliifflB^HSHHSSfflliir.yillSIlRiyjlRIIIIlfflffiliiilfflifflliSiiB 
itfflyyiiiiiiiiiiiiiifflfflai'v'isiiffliiPSiiiiiiiiBfflSfyiffiimiiffliiiiiHiiiyiffliiRiyiiifflH 
. — njroimiKffi^iiiir^iiusiiMiiP'aiBiiiiiiiiiiiRiiiiiffliiiiii 

-^BfflffliiiiijimiiiinMiMSPRiiffiisaMSffliiBiafffl 

_ _ _ mii:Wiiaiiaaiiaiffir«aaiaiHiyyiyiii8iiiiimiaBiyiBia 

i^i9yaiiiiayiaaai«p.!19.,iaiiaiia8i8^8yiaaiiiiyyioiiamai8yiaaiy 
i»aaaaaaaaaaaaiti  mbumim  mmbmhmbbiimisi 

im^BBBBBMffl®aiiP.q  ifflaayiiiiifiiiip  ^BBMBBBBfflMMfsi 

- - MisffttiaH»™iR!Si1  MBBHaaapnaHiy 

mmmv  mammim  “iinsBBBBBBBfflBiiifiiifiiii  , 

bum, jbbiiiiiimim  bbbbbbbbbbbbbbhii 

_ _ RUM, MiMIlfMiRlM  illBBmMMMfflBiiMII 

IffiiPsaBiiiiiiiiiiililiiiiasIIIIIIiiliiliSii! 

Ill  RBI  BURS  HI  id 


m 


iiiiMimii  H«yMMBBBBB8aiiii 


~b  '/U3I3IJJ303  /y/7 


“0  fu&oyjaoo  (uaLuoiu  -  bwqoiij 


°0  Uuaoi/jsoD  Bdjq 


yifliiMPafflBaiaiBaraMaaaaHaHraHaHHiiHaHfflHaHafflasafflafflBiyHiiiiii 

iBiRiiian^gjiii^jaiiaaa^'iiKBiHHBHaBBaBHaHaaHHH  H«HiiHSPa?jajsti 
■jjjmiS!llHBaBaBBgS&HHHaHaaaHHBBBRHBHBHmMiiiMM| 


mz  ?i 


journals 

mm 


MIR 


SSSSSI5 


HiiliMIIHililililiOil  DOI 

liilllilllH^lIlllllllll 
liillliiillH-lIliilllil 
jyaaaaaaaaaaaMilllllilll 
iBMMfflysBBiasifl:* 

MMBMBsygiRyigiyiys  & 


Hmiiimh 
IBMMIEMI 
SHa«BBiiiiai 
isiEQirscosiai 
sBsmisgiiiss 

iBMnlK&iBil 

laaiaiifiimg 

SHMMS  ffl 


aiiSMSHi 


BBBBfeTaBME 


■pIlBIII 

MMMWW 

mmmmm 


aai«| 

■nnHH 

\mrnm. 

imbi 


a^BUBSSssi 


IH'H 


mmmm 

iinRHHNMMMi 


ffiMiililili^M 

■iiiiPuiiiiifflMiii  iHliM _ 


ini 


mm 


IWIIII 


BiEM-im-iiii 
BBMRIM 

iiiiiiiiii 

ii^iaiii 
BBtfiBSMie 
tei’SiifflISi&g 
iBIgllMEHIffili 
ISW^ISMliS 
BfflBBMBISIM 

giil^&iMiyyi 

PfeimiMifii 

m^mms 


mm 
■p;  I 

HI  .. .....  . ...  ...... 

SBBB®85BBBBB«SBBB®BBB?!'BS18SiiEISlffi!glMMSaffl 

iHBBBBHHBBa^BHBBBBISiV.BaBBaaaaBVgHlBiaa 


i&i  91?  mm  b  p  p  an  it?  b  b  B  mm  hr. 
iBnyyiBBBBiiBBBlg 

HBMHaaananyl 

liIBBBBHBgiBBBllI 

iBBBBiRBBBiBBffliHl 

HH  5IU IHH  fflfi  IIS  SHI  Btft  RJfi  IHIS  Bin  IBS  ftEE  IfHl 

Iffl  SB  Bin  affi  Ills  Bffl  rh!  Iwi  sus  Bffl  88!  affl  ■ 

iBBBBifllBBBBBiiB 


MB 


iBBHMBliBBBBBaiSHBBBBaiiBBBBBBBBBildBiIBBBBBBBBBBBB 

IBBBBBBBBBBBBBBBBBBBBBHIgBIDBIBIliBBBBBBBBBilBBBBBISI 


mmm 


~b  'tusm/jsoo  4/n 


>  °  ~p  *V  ^  'f 

w0  'tu&oyjaoo  tuawotu  -  Bwqopd 


111 


Effect  of  horizontal  and  vertical  air  ducts  on  the  variation  of  CT  ,  C-r>,  and  C_  with 


WACA  TN  3^81 


Oj  ‘juaioijjaoo  Bdjq 


isimiiii 

H  ri  "4>J|  '"  :  ,  jj  >  1  1 

WBSSSFm'  1 , 'h«i«di 

|!ili1ilBj!!iiHiIli!llllUlftmiliHBI^rtfBni8!:f''!lllffiiBSiBSiR;fii::oligfflt^ffilBSlSffi{flSiii®E 
KjjjiBI!  !i:iIi:i!lifiI)jffl]HKffllEi  llillfllll  ^  BIlliiL  ^  "i  Bf  H  IfflffiflIISI  SUM  ^  I- 

IIIIIIIM 


iin 


SIESiiraFtil! 

IlSiSlI 


iOP  -II  :fr  :-!!•  i;!i I;i  i’;:l 
14  iOi.il  ;i 

"I  \-.Z\  HI 
m-  ifciiMfoM  il 

mini 


sassfi 


li'ilii: 


'irv 


SiiiS 

ISISIll 


ii  1i!l 

. . 111111111 

Ii1!lfl|j|iii|il!ll!!:liil!|:!!!  mil 


|llllllllllllllHIIIUIIIH!llllt1l!l!IIIIHIlllliyilllllllllllll 


'111111; . 

l!liliji!lliilili!il!l!ii!iii!liii!!l!!liil!II[^ljl!li!lii[l 

!!■■■■■ 

..liilllllilllilllllllllilllllllllllllllllll  llllililllllll 

N|i!i!IP!l|jl!iii^jj!!iili!l!j!i!:!l!jlillilliil|!|l!i 
li-iii  I.:! '  iw mNf|:i!:li!ip,;m!i 
liliiiillllti 

’|[i;IO . .  1  Himi 

iii!lliHil!ilfiiliH!it};i!Hi!iii:t!;!!iiifiUiii'Uii!finill£ 
!!i!!iiii!'iii!ii'!^iiii!:i!^!i!!!!ih'll,ll  lliiliilllili 
lllij|lillliliyifllliiij|li!l!iiiliiiliiii.!>lii!llllliiil!!l 

III  Il[|!lllijliit1llliilllli!iii!  illjIHIIIIIliifllli  afclHIffll 
ill  iiiiliflil  IRR  HIH  M^tf  iii  iifil  lid  Kli  iilll  If  li]  lii^  . . . 

WHBBMUH! 


i!; m  i;ii  mi  liiiiHEmiiiii: 

iiiiiiiiitiiiiiirT'iiiBiiiM.iniir 


'■-1. 1-  •  iMMIlilllllKHI 

Miiimmiisiiiiiiiiiiiiiiiiiiii 
iiiiiiiifiriiypiifmiHiiijiiiiiii 
ii  i  mu  mu '"mm  ™  iioi  ii  in 


..  "Mi 

IF  mi  1  II:.. 
Ml  Mil 

mimur 
m  i  il;  no 
.  10!  IT  :;;Hi 
Id  1  O'  ll!l! 
Illliilll  llllllll 
HH 


mi 

mm  fifniihigjiii 

■  iiiii  i 


iiiymmiiDit  ii 

IHIHillifti!!11  (PI! 

. . . iiiiiiiiiiiiiiii!  immiiniiiiiijiiiiiiiiimiiiiii 

iiiiiii:",|iiiiiiiiiiii[iii]iiiiiiiiiiiiiiiiiiiii|  'iiiiiiioiitiiiiiiiiiiiiiiioiiiiimiiiii 

. idjoiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiHi 

mmiifijiiiiiijuimiiiiiiiiiiiyi 


iiiiimiiHiiiiiiimiiiiiiiiiitiiiiiMiiiimiiiiiiiiiiiiiiiiiiniiiii  iiommiiimiinr 


iiiiiiimiiiiiiiiii 

Illliilll 

iiiiiinnn 

iiiniiiii 

llllilllllillilHI 

llllilllllltllffil 

iiiiimiiiiiiiiii 

llilllllllllll  Hill  III! 

iiiiiiiiiiiiiiiiii 

iiiiiiniii 

illllllllllllllll! 

ISiBiHHIIIflai 

iiimmuiiii 

uni 

PREififEiinniiiii 

imiMimi 

~b  'fuamjjaoo  t/H 


iuj  ‘jusijijjaoo  fusuiouj  -  Bim/opd 


Oj  ‘tusisijjsooBwa 

K  <p  <c  ^  frj  C\j 


III 


nimii  . . . . . . . 

riiiiiiiiffliiiiii;iiHB;i8fliiiirMiii^Hgafflmi;!iiifflffly_..„ . . . . 

lllRRmHHIHItllHHIliyilhliHlVTJHHIIIlirilliaeiliffiSBfll^^im'iflljWFtfilinillliaBiiyiflraBWIillHf 
*11111  iiiiiiiiiiiiiimm -mm  imumoiii;  niiiii  ii: .  •• m  iiiiiiiiiiiiiMH 
iiiiifiiiii!iiiiiiti{MUiniiRfiuiimiti^<^i;iiiiifii 

fittiiiBiniiiiHiiBiaHiiiiiiiuyiiiiiiffiiiBiiiiisAMfinfiiiiffiimiiiiBfflflffiRiffflaffiBffiaaisiyk-HBfljiffiiRii 

iiiiiniiiiniiuniiiiiH]iiiiiiH]{i}ffiiiniiiii!i;mj!h;!iiiiHiiiiiiii!ijniniiiHg^iiiiiRHgffliP)^i{{!i:::^ 

Hi(iiniifRifHjniii]iiNiiffiiiinBfyRiyiifni^i;i^ri)!^i!fiiiiiiii;yfffRfiiiinf!3iii!iififigRig^)tfif!i}ii  - 

. . . . . 

. . . jilililiiiiiliililllimilllililllllilllimililliilllll.: 

yiiiimiiiiiii  11111,11:111^^ . 

|]iHfll!»iin!llli]lliilllfi»iiIffIHyi:‘:r^'l!IH(l!il!!liiiliin!ii!i!!!U!UHIiilllli:IHilNU!lfiIR1l!lini(l 


i^^iiiiiiPfflimmHyiiifiiiimiiiiiiiifiiiiiHiiiijiiimiiiyy 

nniiiMHimiiibM 

iMPmymiiiiiii^iF.i;!i!:-;iEiiiiiiiiiifiiiij!Hiiiii[iiiiiiiiijiiiiiimiiiiiiiiiiP[iiiiiiiii| 
!!!!P!|jOj;r!l|l!  |!!;IIK|!!!!!i!IHjJ!j!!li|!!IJ!!{m 
EBMfiiSEH . . 

iiiinnim 


:ill«0i;lll  Illliilll 

SmMii 


, . . . Imiiiiii: 

|0l!;illl!]ii[!llli];!IHIIIi!!ll1fll!lll!llill;;l  III! 
mi.ifij-omomiimiiiiiiiiiiiiiiiiiii  iiim 


SHMiiiBiifiiiiiiiiinpiisiiiiiimiiypiim^iiiii 
iiifflittfOiiiiiiiifiio™iiffi™siionii!iii!iiiiiiii!iiOiiii 
■ — mmimiiiiiiifiPiiiniiHHEiiiin . " 


uni 


imio 


01 0  :ii  Ii.IiO;  10  :i 


i . mo  ,io:ii;  iihiiii  1 

iiiiMiiiiiiiMi: 


il'ii":-  !!:■:! 


iiiiiio  :;''iii;ii!Oiiiih;oii  "H  j.  ;r 
1 .1111:;  10  miiiiiiiiji. 


SlSSSif 

BIB 


mmm 

»::m ; 


miiimi 
HlfflMUiHilimi.iliyi 


. . . ijm!ijii!i!ij!!i!iiimimjii!jmiiijiiiiiiiniiii!jfiiiiiiiiiiiimio’!|iiiijiiiJiiifiiiiiimi 

IliiiiSISIl!'  '"^imiiiililiimafliisamsilfil 
0ii!lli!llill!0i!;m'"l;!IIO!;liiliil0i!l!ill:!l!II!l!i!;!lil]llll  IllillillniOilllilllilllililimilim 

iiilliilimillKiili  MBinaaiEilflllfiiliilBffi  IfiffillMffilSOIga^ill 

!i  IIMIHIIrillSifHff  lllllillilllllllllilii!!l!ll!!IHHlll!:il!!i!F 

!iiiiiijii!jiiiiii!uiii!i!jimii!;;,,mm!iiiiiiiim!i(!j!iiiiiiifiimiiyiiiiiiiimy 

^illEiilimiiHill  !llh:i]iniIli!IHnfiii!ilh  cHHHIl  StiifllRBHIHIit:iKU,lt  N 
lli8iSmiyin|flSI!lSHSii!l?!i™n-':,i^illUIHilKI8lfllfli^  ^,:!llil:^iiliiH!IHHIIil!:!^f?:U!, 

imijKlin|l(IH;;!iljiiHf!iII!ltilii!ii!ih^iili!llli!!l$jllliSl}li]llj:illilllE!H!IH!yi(litlKniiiytrf{|lii  ’llll]!lllllllHHiilfilH!iii;i(<i:j; 
liiiiiimiis^^ 

liliyiiiiiyiliilSIlillilililllilllilillHiiyiHHshOHMUliBIlsiffliyirytllllSiBJlIIIUlHaKlflSJIjlintb  iilri{HlgyiyJHiin!liiliiU:i;! 
illlllilllHinililiiflHHIIIIllllllliniiliJrHniftfiHIhm^'^lffltiffiiniillllEllIjilillHilfih'lllfSBHIIl^  llilMlilllllll 
iiilHlHiiililjillllllHIIIIilllHIlfliilliiilNiliifillliliiiEirmy^illilllilllllllNIIIIjlliyiifflilluyiyHIfjii;  ^linBHfSHKnilililEEIIili. 

:  „  hihiihmii mmmiidm:  ■>!%• Mi,. ;,i  01  «  ««« '  mi  mmmm  mom 

IBBBBBHBff  If  BBBB  iiiiii . 


I!!l!!;l!!(!!!!!ll 

ilillilllEl!i 

illiilllilli 


IlliBillfBli 


HEUKEIIli-  nl; 
iBilll!IE!l,.'illlll:i 
IlllIi, illl 
IIBiiiriiiiiiii"i 


— 


~b  “(usaiusoo  un 


Wj  'tUdOIjJMO  tuswouj  -  BulL/Ot'd 


Effect  of  horizontal  and  vertical  air  ducts  on  the  variation  of  CL,  CD,  and  Cm  with 

for  configuration  FWpV. 


NACA  TN  3481 


27 


°0  'tuaioiuaooBcua 

<o  •o  '*  if)  cv) 


|— mai . .  "h ■:™!iii!fjji!|gjS!ijf 

^is^igpw 


mm 

BBSS 

BIBB! 


BIS 


BlBBBl 

lifilitlllilillllllllllllllllilillSli 
liHitlPlHiJ  fly 
l:  l  •;  -lr  II  i: 


. ilMlllil!  _ _ 

i!lli'i'7'l||i||jl||!||i|i!!|[!||!||iii||||i||j|||jti!lj 


iiiiiiiRiiiiiiiiiiiiiii 

!iiiimniiii[|jni[iiiiiit 


5  <\|  o 


T?  J tuaayjaoo  jjn 


w0  'tuaayjaoo  fuamum  -  Buiqofi^j 


a3  Uuaioijjaoo  6wo 


riliiiiiiili'ii1!!!] 


illlllllfl 

‘illl!!fl!!| 

ilil 


Olllillllllllilllllilllllililli  mi!  n  m  & 
!jjijjj!|i!!Ri!>llll!jl!iR!RI!fliIllj!!!!:!!llli!OI|jil|flll . .  . 

Hljill  ■;?,!  1  ail!,  i!!!|  ia  "IF 

!llllllllllllllll[|jfii!i!li:ifi!l!!!!!j; . 

. , . . 

BVBSll . i . . 


iilBBi 

41lllllilllM!ll!lili: 

MIMMiiMfl 

WMWBiilll 


.  m\i 


— 1 
iBSBBBBHBfi 


5! . 

'ililllillllii’liil1  "il! 
illillliilliii1!:1: 


I  !  I  illnlll, i  i: 

lliilliillllllliiliiiii 


IBB 

JB8ISHr“ 

tit  ns  i- SIS  IBfi  iii. 

jilli!!!!! 


IIHHI 


iliii'iiiiH 


iiiiniRiiiiiiiiiiiiiiiRiiiiiiiiiliNiiliiiiir 


®  l«i  1  '  t 


.  . .  ,  JMMa,  , 

1  1  aiss  m 

1— ■  Mil 

1 ' 1 1 i ,  in.ini.  i 'i!-  . . .  ikfbJ 

'"i1  1 1  hi  MIMHI IINIM1H,  UIUI,  . . . . Mil 

SpamM  mm, 

IIS i ’  1 1  »,  ■  jl  'I  n'llill  illli  Hill'1 1 1  MHUBBSBW'.I 

BBSS  as  iramsiiaiiisiiiiffl  i 

.  !f!tjjij|};t!:nli:r!i!!l!!!]i  itllUli!;  -h,  Mjt!  ylll jllfjijHliiiy  :  >il|!  H ili Hih  II  li! fill 1  >lf Si lEil !  !lfi> I 

1-111111  . 1  i  1 ,1 , 

ill!:!  ™  1  4  .  . . 


. . . ~i!l!!illliiii!i!ltl!ijill!li! 

illiiiiiiiiliiiliilililiiiliSililllillllllllljlllliillljillliilliilll 

HiiNunnuHiinH: . 

:  v..'. ; 

.'i  li'i  .'Ic 

:•"<  :!!44ii;i  iiMiaiaaiiii 

. ifsiabiiffi^iuyiflimafisiffiiiiifH, . . . 

i||!i!l|liii!!i!!l!iiiilliiii!!i!liiil!il!L 

iiijiii  ,i  iiUiijaii.n  i„iiiiiniiuiiii;ii  n, 

H  i  it , . ■nmnuuii 

’taaiaaMiMBBiiiaaiiBi.in 

&£ARMfi8X 


O  'iu&oyjdoo  /y/7 


Wq  ‘/usw/jaoo  pjdujouj  -  Buiqo^ij 


Figure  9.-  Effect  of  horizontal  and  vertical  air  ducts  on  the  variation  of  CL,  CD,  and  Cm  with 

for  configuration  FWoVHt . 


28 


NACA  TN  3^81 


Oq  ‘luaioiyaoD  Bdjq 

CD  (v  co  >o  v  CD  Dj 


HHniainH  MBHSBHiaaiui'ai 
. . .  i 

HllimillHilHt.MiUKn 

. . inline!  r.\,vj* 

inmHMaHHHinwi« 


iillSisi^llllillilillllilllJIli 

•• 1  B«3-  SfgflS&W  TO2i 


mm 


PfSISSS 

HSIil 

■nnniiHinnn 

■mmmiiin* 


■■■■ran 


irnmniniminjiuub 

am 


ransmnM 

hn!iHil  lllllitm  -iiiinm  ii?ii  h-”  hh  Hm^sistiBiHHftittiniiHlc 

■|]ill!il!j^<:!Hj|{ii!lljl!iE!iii!l: 


itiiniiiiii^amyuuiaiiymaiiiBiiRi 

iimramsirax  ^bisisissi® 

!EiiifiiyEuaiEiih1H)aaiii!MiSn0,n 
IBBilSflilBK  MMlMfflU 
I 


(SB  HH  HI  lira  Bffl  HW  HHI  HIM 
■■■■■■■■■: 
■■■■■■■■■ 
■■■■■■■111 
■■MIlHilllllll 
iHHinmaiH 


15551 


TIHBPliHHiiHfflHIS 


mmm 

IM:-1 


■Blllllllli 


HiMiiBMil 


mmmmmmi 

iBiiraimiii 

ihbuihiw 


,  I  !'!■<•  !,Ii 'I  !•  ,l!)pii: 


P  I'M 
I  '  iIMhI 


ifilWIIllllfl 

111K 

sussur;;- 
in  mm 
liHIfliilHtr  fi 
ram  i 
ran”  w 
ii  mwt  hiiiih 


*  <\j  § 


‘jUdioyjdOD  un 


IIH:ili;Sllllllllll!ll 

..  .  .Hp:i"aiiiBiiiiiRRRiiH 

i inii  . . . 

■■■■■■■!aMiiis«niiiiiiiii  i'1  ii  iiuiinmmiw 

IIIHHIlHHIHIIIIIIIIlii  ■ 

tSBIilllllllllllllli.jlilllBMIilHBVjBBBHB] 
ilH'iBi||illIISil,l  . 


ujq  'jua/a/jjaoo  juamouj  -  BuiQOfid 


an 
nan 
n^ 

SM&Ss 

iiiiBHininiirJiaiiytiMiiiiiii 


.ii 


Oq  ‘luaioyjaoo  Bcua 
(p  <c  ^  CD  'N 


MMi 
lLi?ra5l 
mmK'mm 


fcitii1’3 


ran 


i!?!1.1!.li;!r:ill!l'ilillHffi! 

HftWHHi 
. ... . ML?ll:-SiIi!l 


inii 
mmm  m 


ililllll;lll: 


__  mm 

miMM 


mm 

ii  ■  ymsiffiii 


niina 


isai 


jl.tEIJ 
SIS  . 

B 


mn 

■—I 

"1:111 

«as:  hi 
BIiiiii* 

«■■■■ 

PiBBBUI 

nni 
fel 

■  i 


mma  mmm 


jam  im . 

Iffl  flUUi:<!| 


"Bllillll™ 

iiiiiiiiiiiiiiiinijiiiiiiiiiiiiiiiiiiiiiiiiiiiip 

SIlBIBIillllllllllilllllllllBB 

inpiiiiiiPiiiiiiiiiaiMi 


IBMII 


iiii'Rsi  ®»;> 
IMTu'WICBBl 


_ _ 


inn 

inn 

lira 


hpAiiii 

■■■illUilBMi 

Mil 

■■■■■■■■gni  anmi 

ipliliilfiitt 

NKHmnp 


lanm 


nurann 
>:'!! ■'!!■!:!  ;; 
f  :i  Mill:" 

(tiiiiimiiii 

ifiiiiiiiiiin 

■!,„■■■■■■■■■■■■ 

■wfiiBBBBBBBB 


\ 


~!q  'luaioijiaoo  un 


ujq  'juaioiysoo  luaiumu  -  Sux/a/y 


10.-  Effect  of  horizontal  and  vertical  air  ducts  on  the  variation  of  CT,  Cp,,  and  C~  with 


unswept  ving  of  aspect  ratio 


assess 

[iimnsffiimiBafflttHMi  m  ir 
IIIHHfil:  HI^HIIIilii! 

mi  of  v. 1  ,ni  ■  r!,iutB8te‘ffmiHij[Di> 

iiMRiHiiifl  ^itHsamiiamu^Ri^  ri 

?  !  muiNi'im imm: 

iffMlll!Mll H 


.  !!I1!I;I!!I|: 

(liii  iHiliitli 
Simmillll 


IIIiL.I.I.iLjS: 


iiiiim 

mmrnu 

(HHHS 

"HSU 


mmm, 
nt  m 
mmm 


i  I .  I  ■■  . .  II  ■  •:  mi 

Mill  lil!ll!!l!i:?!!! :!!  I!:'li.“li1li!l 

lllllllljlillllllEiilillllllrlia^ii'M 

iillillil . Hi  IllillillJliil  iiiiiVi?! 


mi!  mmm 

i  •r'WItlllttlli 
?!!!;!  'li:IM!  i'!i'il:!HUrl!l  mmi!  mmmmmymmm 

mmmiimmmmm-mmm  iiiiimmmimmmiiimmmi: 

I  Bill!  1 

. 


messi 


iHI-MiHI-HH:;::'' 


'i  uiHiiim 


iiiliffiiiiliiiiifllil . 

litmilII[||||l!!l:l!llill!!il!Hi;llll!!Illlll!lll 


mw  m  iw  1111111 

t.teli.'I'-LlsijBIIIII  HI'!!  !• 

•>«  mm  h  »  i; 


:  'j  l  I'll  1 
iPftwii:;!  i 


:!!!. ili?:ii:i 
I??  ;?  ! 
i!:!!??:!.:!i:  I?:::! 
IHlim 
..  iiniHiiiiiiiim 


SIB 


SI, 


SliiaSlil!!1!:!  il:i !:iUi!l:llii:?[l:',M:iN!i!!!ll 

vll'i i'ii:l'Ln . I  .ii/i,  li  I'!.:  Ill II  III 

fiSHitiiiiiiiuiiiiiiiiiiiiyiHiuiiuiiiiaiiyiiiiiiii 

H^:n?|i:^!i^flBi|i|l^lll!lliilll!l::llii::;-ri',lili[!ll! 

B]i^i:Bii!iiiiBiiiiiy:iii;i!iiiii'!:i?i=!!iiii;iii 


I  . 

I I  m  HIM 

1 1  mill! 

|;l:  Bui 

I  1 

K'fcFiWM  mm 

IIBIIBiBIIBIliiiiiBBIBIBillHlllllilltlllllllllliiOflBilllEyillill^aeeHei 


iimmsimmmmmyimimmmii  -mu 
imimmimimmmmmmmmiiyimim . . :uiu 


iill[lt!l!!l!!!ltL  :!f!li!Ullil!IIH 

HMMH-'VSHM _ _ _ __ . 

.  _  IIIHIUiMi!  HdWSMHSHSMHSHSr  fl 
.lllliBIIIIIIIIIIIBlUlilil'myitlBBilllHUBBIItlBItlBISiiyiBRBIBISiP  M 
!liil!lllltlil!!lll!ill!ll!!l!  nMMNUfHMIilllflNHHHf  i  il 

. . . . . I . - . 

PHWRISIKIIilHIBI!."  WHHiiliilBliiilllliiBiW 

MiiimiiHiiiimiuii  II  ir^maiaiia8iiiiiifflyiattiai;;niiiiffli88iiiiHiiiiiMiai«aiaBmBiBiiaia8iB^ 

WiBillHIliyilllll.J  I'llliBlllliiBWBIBifflBS^-fllWIHliiP  . . . . . . . 

.  missi-rnm,  'fill 

•:  ra  ibh  mu  mu  hh  i  mu  s.i  b  v  » 


EuiHlllilffiDliriirii'l(1RBI8lillBiy!liiBli8ffiHIB;^iM 

iiiMro»MMeeeieseffSM 

■eeess^E 


IliiiillEEIilllll  !'jlll]|!|l!lrljiil!llll!lliB!llllli!l!lll!lllil 

mm^m^iimmiimhiiiiiiiimiBiiimymmmiiiiiiii? 


I!lll!!lll!!l  lllllllll 
IlilliiiillllllBIIII! 

BillHSBBiSaa 

liiiiiiuiiiiiiiH 

::iiminn.i;i 

lilliil 

i  rmi  iunrii 

■■■ 

HiWI 


immmmimmi 

r  lii'iim;  i;:ni 


miimii  mini 

;  M'.ll  i  .r: 


iiiHmniiimi  mmmmm  iiimimm.imipmmmimmimmmm  ii  im  mmimm  mimm  n;  n  mm  m  m  mi  imiiimmiimmim  iimmi  m  mmm  mmm  immmmmimmmmimiiiii-  immmimmmm'  iimmiii'i  iimm'  i 
|l{lllllilllill!lllllilH![llf;r.!VIIItt!}1!J!!!l!IK.,!!^iUllLi^S)£’4lU!H!IIHI!lJII!tlJ!tl!Blltlhfll!llfHill!lllll!ll!ll})l]MlitEli!iy  :ri3iJ»81BlflltiliHlt{RilfHI!!lint8ili| 

'  mmi  mm.in  ikimnimm  mimiiimmK^mrimi  m  mmwmmm:  mm  ii  mu  mm '  i:  mmirn  mum  imiis  mmmmmmiim  mmimm"  mmm  iinnmm -St  mmyimm  miimmmmmm  mmm  urn  mm 

,  lull  llllillllEllll!  lllil  III!!  Ilif!  Hill  ffijlliEtliyfllii;  'lllllllll  @f  Ef-EHEII  Bit  lilll  lilll  ilil!flli!!!i  III  III'  'I  ill  IEEE!  i@]  IlfB  lillllli-lllllllil'lllilliyiyillBiililliiyiyiiillrBimiil'BlillilliilWillBIliljiijilittiilltltliliiihliyiHyililliUiiyiiilifliBIBIttBfl 
l^gSgtSytll  tiUlllltlilllllliti  !l!i!illh!ini!!!ilFfffi!Hiimfilil  4Hllt!jyffiEH8lll!jj!!L  !l!H!!lNIHS!tlfllHltllii!  liUi}tl!iS!li}>nd^!(|l!!:fNHIIillEUUE!!n!!iillllll!illfill{ltll!ill!iiilllll{llili;i!!Hmi!llilliliHf!!l3il{UlU8!IIRhb!!idiiin!.tMiliH[|}| 

pSBiB8iUli!Biyi!!iiilBUIiySai!iK1.%illl!i81lii!ill!UUHBiBBI^illliypaililSI!t!yfii8!i!!l!iyiPi;il!lliyi|!ill!tillililHtliB(!i||lflill6lli9i8oiiiM,i!illiiRililii{!!|| 
miiiitM'mmymmmmm:  mmimmmimmmmmysm  imimiimimmmnmmm m  'i  i  :i!mm  immmrn:  ym  i  mmm  mmm  .mi:  mmm:  mmm  m  mmm:  immmmmmmrnm  mm  n  imm-im  mmi-m 

|yiiiBBfflyMiyym!iiiiiiiiiiiiiimymiiyy;Bmyimimyii;iii;:!m'ii:imii!H^mrlm!;yimmiiiiii''fflymr:mioiiimiiiiiimiiimyiiiiHiMliisim;:imiimHiiyi1mc1!| 

|lUtlttlN^EyiEIIIII{II!flHIBm!{IIIIIEt[l!IIIUIiniH!{intm][l!{!ll>bliUBlNHlHIIH!MI!Em!limHlliiyifl!yiJltlli^i!;ltIillHfKIimi^!]tli:l/tlillli[P!;!llill'liniji:in!;i! 

1 1  wm  hk  iirHiiitiiiiitiiiniiiiiiiiiii  m 11  ■  imii'i1 mmmi  i  i  n  i  «  u  - 1  i~-m  ih  ,i  i '  m  imm  1 ,  i 
|tBflBIHR!rai9Hl!ffiiB!!!IIBfllillEliO!HI!y|lll!!lliiEl::'li)l!ll!!liilfl!ili!l!IIIE!l!l!!liyKlli(l!!l!!!l!ll!ilil'!t8IB!IIP!;ilH';!iil!ill'i!!il'.l!ii|!l!!!:!NllilliH::li!ll 

. . . iuiimh  imt'Eirihii  kj/hhu  uhieiii  m  "b  ii  mmm  ieeii  iiii  imi  •*  mm  it  ii  1 1 1,  ii  m  uostt  b  u 

IHSHWSHWMMIIillHIT  rMIIIEmirMffill^lflilKlilllHitli;-'  -:!ffiHSSIiillHNiillEliai«ll« 

I  ®  ESI  ffltl  liffi  BIJ  Iflll  aiHBfHIBIIIHhlflfiS^  SlfllffiJillliEffil  1113  E8h  IHH  1MEI  IHti  Nffi  Ml!  fe, :  ^  ^  SP  HJH  Rfll  ESffiiffi!  Hi  El-rm?  Ii«l  Bl 
l8a^;ife:i91^l!iF!MIJi:|;MiH{|!Hlfrtllf!l*‘,-i1^HIHfl!flll-IEHIfl?Elilbrt1EliiHHaiHr1iltl!;iililfl::1  ■  m  Util  II  111  K  KISS 

sbbssbm  "Si  'isffliimv11  mwe 

”  ~  sss'ii  I!  'i!1!!  ssmsisiiamiiiiiaiisis 

pinEtlEDEIIillEIIEIIIIilllltltll : 

, _ _ _ EHiiMBiEiiisiyiiEiyiiiiSiiiiiiiiaiBaiiBiBiiirfcjiBiaiiiiaiiiiiBiBa 

ssssssssssesHneMseeieeBesMei 

IgaBggjgggasigsiiagaESSRsaMsssiMaBsiaBS'MSii 

pllllliraaBliliaBBilBiniiElBBitlEHilEli  I  WliimmiiliiBli: . . . . . - . . . . . . . . . 

I  ffl^Ba=IIBPai:SlffiBfSffiira»lilili;fl::?  1  HflliirElEifflMI 
Kgsamfi:?myMya#israas™iSiaiPm<«iaBijiiai 

BSSSBBSBBBlilSBI 


:IUillHt!iliUBy!yfflaldtiffiy!fiilraBlHBlEihyi!r.B!jiH!li!tBEIillHfll!tEil!llllllllllEI 
mmmmmiiiiimmmiiimm  [mmmiimmim;  im-  mm'immiiiiiiimmmmumiiiiimiiii 
l!lliHIBflfflBIIIIIII!l!BII!r{!BfllHIIIBIiy!iliyiymy!:i:!!!!li'l!!!ill!!!!!!  Iiaiillimi  l«llllli!ll!llil 
iiiiiiiiBiiiiiiiiiiiiyiiiiiiiiiiiNiiiiiiiBiyiiiiiBiimrmiimiii:  iiiiiimiiimimiiiiiiiii  imimmimn 
mimimmiimmiimmiimmimi'mimm'iKiim-ii  mmm  mm:,mmmmmm  nii.niiiiiiii!ii 
iimmmmiiimmiinmmmmmiimmiimm'mm,,  mimm-immimmiimimimim 
im:y:imy,im  jHmiiimmmiim  mmm  :mmmmmmi,m imiim  iimiimmimmyiimi! 

. ■ . mmimmimimmim  ■mmmmmmmii  m'lmmimiiiiiiinmniiiiiii 

IEEE  IHillilliiyniiai  lillSJIBIIIIGillilSSfllll  U  IKE! kl'ltu 
fffiifflltiE!lffl!tSi!i  |,J  EBiaraiiittlEIIIIIIBIHEIIimtlBHIIlltf 

Bill?! 

. !!« . 

9ii*s 


lllSIlililllllSiimmilSS 

_ yiigiSBiBffisiissiii'iasBSis: 

g;lSil!iiIllliIIi“i!l"!i!ii('  USB 


Configuration  FW2VHl-  (d)  Configuration 

Figure  11.-  Concluded. 
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Figure  12.-  Concluded 


arrangements  having  an  un swept  wing  of  aspect  ratio 
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Figure  14.-  Effect  of  horizontal  and  vertical  air'  ducts  on  the  variation  of 
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configuration  FWPVH- 


Figure  19.-  Example  of  effect  of  aerodynamic  hysteresis  in  the  variation  of  with  j3  for  several 

representative  model  arrangements  having  an  unswept  wing  of  aspect  ratio  2  and  horizontal  air  ducts. 


Figure  20.-  Example  of  effect  of  aerodynamic  hysteresis  in  the  variation  of  Cn  with  3  for  several 
representative  model  arrangements  having  an  unswept  wing  of  aspect  ratio  2  and  horizontal  air  ducts. 
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(a)  Vertical  ducts  on  models  (b  )  Horizontal  ducts  on  models 

having  a  wing  of  aspect  having  a  wing  of  aspect 

ratio  2.  ratio  2. 


(c)  Horizontal  ducts  on  models  (d)  Horizontal  ducts  on  models 

having  a  wing  of  aspect  having  a  wing  of  aspect 

ratio  4.  ratio  6. 


Figure  21.-  Effect  of  ducts  on  the  contribution  of  various  tail  assemblies 
to  the  directional  stability  of  several  unswept  wing  models. 
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Maximum  duct  cross  -  sectional  area 
Maximum  fuselage  cross  -  sectional  area 


(a)  Vertical  ducts  on  models 
having  a  wing  of  aspect 
ratio  2. 


(b)  Horizontal  ducts  on 
models  having  a  wing 
of  aspect  ratio  2. 


o  FW 
□  FWV 

O  fwvhl 
a  fwvhh 


Maximum  duct  cross-  sectional  area 
Maximum  fuselage  cross-sectional  area 


(c)  Horizontal  ducts  on 
models  having  a  wing 
of  aspect  ratio  4. 


(d)  Horizontal  ducts  on 
models  having  a  wing 
of  aspect  ratio  6. 


Figure  23.-  Summary  of  effects  of  air  ducts  on  the  directional  stability 
characteristics  of  unswept-wing  models,  a  =  0°. 
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Maximum  duct  cross  -  sectional  area 
Maximum  fuselage  cross-  sectional  area 


(a)  Vertical  ducts  on  models 
having  a  wing  of  aspect 
ratio  2. 


(b)  Horizontal  ducts  on 
models  having  a  wing 
of  aspect  ratio  2. 
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□  FWV 

o  fwvhl 
A  fwvhh 
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Maximum  duct  cross-  sectioal  area 
Maximum  fuselage  cross-  sectional  area 


(c)  Horizontal  ducts  on  (d)  Horizontal  ducts  on 

models  having  a  wing  models  having  a  wing 

of  aspect  ratio  4.  of  aspect  ratio  6. 

Figure  24.-  Summary  of  effects  of  air  ducts  on  the  directional  stability 
characteristics  of  unswept-wing  models,  a  =  l6  . 
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of  the  wing- root  ducts  on  the  aerodynamic  hystere-  of  the  wing-root  ducts  on  the  aerodynamic  hystere¬ 
sis  in  sideslip  of  the  model  employing  the  wing  of  sis  in  sideslip  of  the  model  employing  the  wing  of 

aspect  ratio  2  was  also  determined.  aspect  ratio  2  was  also  determined. 
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